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1. Introduction 
Gas sensors based on oxide semiconductor thin films have attracted much attention for being able 
to achieve small sensor devices using the silicon-based microelectronic fabrication technology. 
Different materials such as Sn02, W03, Ti02, and mixed oxides have been studied and have shown 
promising applications for detecting gases such as NOx, NH3, H2S, and SOx. The microstructure 
factors such as grain size, grain boundary, film thickness, porosity, dopants, and area of active surface 
are the main parameters controlling gas sensing performance of oxide semiconductor films. Therefore, 
the microstructure effects and the microstructure control are one of the main themes of research on 
oxide semiconductor gas sensors. In this study, a reactive DC magne仕onsputtering method was used 
to deposit W03 thin films with thickness ranging from 15 nm to 200 nm. The effects of thickness on 
the gas sensing properties of dense and porous W03 thin films were investigated. 
2. Results and discussion 
Three-dimension AFM images of W03 films deposited at 4 Pa and 20 Pa with thicknesses of 70 
nm, 25 nm and 15 nm are presented in Fig. l. The films with a thickness of 70 nm are continuous and 
the surface is relatively smooth. However, the films with a thickness of 25 nm are no longer uniform 
and the subs仕ateis exposed owing to large cavities in the films. When the thickness decreases to 15 
nm, the films are actually reduced to fragments and the企agmentsare hardly connected with each 
other. This may result企omthe latice mismatch between W03 and the substrate and the energetic 
sputtering deposition process. These factors lead to an island mode film growth and make it very 
difficult to obtain continuous film with a thickness below the grain size. 
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Fig.1 AFM images of sputtered W03 thin films deposited at 4 Pa and 20 Pa with different thicknesses 
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Fig. 2 Grain size and surface roughness of W03 
films determined by AFM as a function of film 
thickness. 
Fig.2 shows the average grain size and 
surface roughness of W03 films with different 
thicknesses observed by AFM. For the films 
depGsited at both 4 Pa and 20 Pa, the grain size 
decreases with the decrease in film thickness. 
The surface roughness does not show obvious 
change for the films thicker than 70 nm, but 
increases rapidly with the decrease in film 
thickness when the films are thinner than 70 nm. 
The decrease in grain size and increase in 
surface roughness result in an increase in surface 
area, which is advantageous for gas sensing 
properties. 
The sensitivity is expressed as a function of the thickness in Fig. 3. It is shown that sensitivity 
does not change with changing thickness in the region above 70 nm. The films deposited at 20 Pa have 
higher sensitivities than those deposited at 4 Pa in the thickness region above 35 nm due to the high 
porosity of the films deposited at higher 160 ・ 
discharge pressure. The sensitivity increases with 
decreasing thickness in the region below 35 nm 
for both kinds of films. It’s noteworthy that the 
sensitivity of films deposited at 4 Pa overcomes 
that of W03 films deposited at 20 Pa. However, 
an anomaly is observed at a thickness of 15 nm. 
The film deposited at 4 Pa with thickness of 15 
nm shows a very low sensitivity. And we failed to 
obtain the sensitivity data of the film deposited at 
20 Pa with a thickness of 15 nm because the 
resistance was too high to measure. 
When the film thickness reduced to a value comparable to or shorter than the electron depletion 
layer, the whole film can be depleted and the surface resistance dominates the film resistance, and as a 
result, the sensitivity increases considerably. However, for the discontinuous film, the electrons can 
hardly transfer through the film企agments.Therefore, the film property change caused by interaction 
ofN02 with W03 film can not be converted to electrical signal, which leads to the poor sensitivity. 
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Fig. 3 The sensitivity of W03 films to N02 
at 150°C as a function of film thickness. 
3. Conclusion 
In conclusion, the dense and porous W03 films with thickness of 15～200 nm have been 
deposited using DC magnetron spu抗ering.Structural characterization indicates that the grain size 
decreases with the reduction of film thickness. Both the dense and porous films become discontinuous 
when the film thickness decreases to 15 nm. The gas sensitivity increases with the reduction of film 
thickness. The sensitivity decreases due to the discontinuity when the thickness is thinner than 15 nm. 
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